ABSTRACT
INTRODUCTION
Walled-off pancreatic necrosis (WOPN) is a rare complication associated with acute necrotizing pancreatitis (ANP) and occurs in approximately 5% to 10% of ANP patients. [1, 2] WOPN, an encapsulated collection of liquid or solid necrotic tissues that develops more than 4 weeks after the initial ANP, Endoscopic intervention or surgery is not recommended for asymptomatic, sterile necrosis patients or size of necrosis, site, and dissemination. Minimally invasive interventions, including endoscopic necrosectomy or cystoduodenostomy, transpapillary drainage, percutaneous drainage, and transluminal and percutaneous drainage, can be effective, first-line treatment approaches for the management of WOPN. [7] [8] [9] [10] However, in patients with resistance to such minimal invasive methods, open or laparoscopic surgical methods, including necrosectomy, cholecystectomy, or debridement of pancreatic necrosis, can be performed. [11] [12] [13] [14] In the present study, the aim was to present the risk factors connected with morbidity in cases of WOPN and to evaluate the performance of continuous postoperative lavage (CPL) in patients resistant to a minimally invasive approach.
MATERIALS AND METHODS

Patients and Ethics
This study was conducted in the surgery department of Sakarya University Education and Research Hospital using records from the period of August 2014 to December 2017. A total of 19 patients who were treated only for WOPN were eligible for the study. The patients were divided into 2 groups based on the length of time from the initial diagnosis of acute pancreatitis (AP) to surgical operation or endoscopic necrosectomy: the first group (Group 1) included patients who had a diagnosis of AP, and the second group (Group 2) comprised patients who had not yet undergone the surgical operation or endoscopic necrosectomy. All of the cases were retrospectively evaluated in terms of gender and age, body mass index (BMI), co-morbidities, duration from the time of initial diagnosis to operation or endoscopic necrosectomy, alterations in biochemical parameter values from the initial diagnosis to operation or endoscopic necrosectomy, the postoperative length of hospital stay, and postoperative complications. The ethical committee of Sakarya University Education and Research Hospital approved the study protocol.
Methodology
A total of 28 patients who had been treated for a pancreatic pseudocyst or WOPN were enrolled in the study. All of the patients had undergone an endoscopic necrosectomy or surgical treatment and were evaluated retrospectively. Patients whose data showed that they still had a pancreatic pseudocyst (n=9) were excluded from the study based on the exclusion criteria. The remaining 19 patients were divided into 2 groups: -Group 1: First diagnosis of AP (AP group) (n=19), and -Group 2: Preoperation or endoscopic necrosectomy group (after >4 weeks) (n=19)
Blood samples were taken from all of the patients at the time of first admission for AP and before the operation or endoscopic necrosectomy. WOPN was diagnosed according to contrast-enhanced computed tomography (CT) by an experienced radiologist in the hospital (Fig. 1) . The 2 groups were compared statistically in terms of gender, age, BMI, co-morbidities, duration from initial diagnosis to operation or endoscopic necrosectomy, alterations in the levels of biochemical parameters from initial diagnosis to operation or endoscopic necrosectomy, the postoperative length of hospital stay, and postoperative complications. The risk factors associated with morbidity were also identified. The patients were followed up at intervals of 1 week, 1 month, and 6 months after being discharged from the hospital.
Inclusion Criteria 
Endoscopic Necrosectomy
An endoscopic necrosectomy was initiated after premedication with fentanyl and midazolam and a prophylactic intravenous dose of 1 g of ceftriaxone. The endoscopic necrosectomy was performed with a therapeutic duodenoscopy and under fluoroscopy by 2 experienced gastroenterologists. An incision was made with a cystotome from the side where the WOPN wall pressed on the stomach, and then the wall of the WOPN was cannulated with a 0.35-mm guidewire under fluoroscopy. The guidewire position in the WOPN was confirmed with contrast-enhanced fluoroscopy. The cannulated area was first dilated with a 10-F dilatator and then with a 12-mm balloon via guidewire. For those patients with pancreatic debris, a 7-F nasocystic drain was inserted to wash out the debris, and a Nagi stent (Niti-S self-expandable metal stent; TaeWoong Medical, Gyeonggi-do, South Korea) was inserted for drainage. A nasocystic drain was inserted into the WOPN and then washed with a solution of 20% hydrogen peroxide and 0.9% sodium chloride (NaCl) (150 cc), 3 times daily for a week in the hospital. The stent was removed after a week. Pancreatic debris was removed into the stomach with a 2.5-cm basket (Trapezoid RX; Boston Scientific Corp., Marlborough, MA, USA) and a retriever snare via gastroscopy. A 10-F double pigtail stent (5 to 7 cm) was inserted into the WOPN after the necrotic debris had been cleared in a total of 2 to 5 sequences. The step-by-step procedure is provided in Figure 2 . The patients were followed up at 1-month, 3-month, and 6-month intervals. The stents were removed after the sixth month in patients who were asymptomatic and demonstrated a complete recovery. Four weeks after the removal of the stents, the follow-up was discontinued in patients whose contrast-enhanced CT results showed no necrosis.
Surgical Procedure and Continuous Postoperative Lavage [12] The surgical procedure was performed in the standard fashion using an open approach with the patient in the supine position. After the administration of anesthesia, the laparotomy was initiated with a midline incision. The gastrocolic ligament was opened using 3/0 silk and an abdominal LigaSure device (Medtronic, Inc., Minneapolis, MN, USA) Debridement of necrotic tissue was carefully performed using hydrogen peroxide and 10% povidine iodine (Figs. 3 and 4). Hemostasis was obtained with bipolar electrocautery and 3/0 propylene sutures. After the necrosectomy, Calot's triangle was anatomically determined before the cystic artery and cystic duct were tied with 3/0 silk and then cut. The gallbladder was dissected away from the liver bed and removed. Hemostasis was obtained with bipolar and monopolar electrocautery. After achieving hemostasis, a total of 4 drains were inserted sub-hepatically, from the foramen of Winslow to the necrosectomy area (from right of midline, lesser sac), proximal to the spleen, and into the pancreatic area (from left of midline). The abdomen was typically closed afterwards, but in patients whose abdomen could not be closed due to dilated intestines and edema, Bogota's bag was used. The patients were then admitted to the intensive care unit. On the postoperative first day, local lavage, gradually increasing from 4 to 10 liters (0.9% NaCl) per 24 hours, was performed continually. Local lavage was administered from the left site drain and removed via the right site drains. The quantity of 0.9% NaCl used
Step-by-step endoscopic necrosectomy. was recorded. If the drains were not functional, they were improved manually. The process was continued until serous fluid was observed in the drains. The patients were followed up at 1-week, 1-month, 3-month, and 6-month intervals.
Statistical Analysis
The Shapiro-Wilk test was used to determine if the distribution of continuous variables was normal. The Levene test was used to evaluate the homogeneity of variances. Continuous variables were calculated as mean±SD, or median (min-max), as applicable. The number of cases and the percentage were used to describe categorical data.
The mean differences between groups were compared with Student's t-test, while the Mann-Whitney U test was applied for comparisons of non-normally distributed data. Categorical variables were evaluated using Fisher's exact test. Degrees of association between continuous variables were evaluated with Spearman's rank correlation analysis. To determine whether the differences in biochemical measurements between the preoperative or endoscopic necrosectomy and the diagnosis periods were statistically significant, a paired samples t-test, or Wilcoxon signed-rank test was used, as appropriate.
Multiple linear stepwise regression analyses were used to determine the best predictor(s) of the effect on the number of complications and duration of hospitalization. Any variable with a univariate test with a p value <0.10 was accepted as a candidate for the multivariable model, along with all variables of known clinical importance. The coefficient of regression, 95% confidence interval (CI), and a t-statistic for each independent variable were also calculated. As a result of nonnormal distribution, logarithmic transformation was used for both the number of complications and the duration of hospitalization in regression analyses.
The data analysis was performed using SPSS Statistics for Windows, Version 17.0. (SPSS, Inc., Chicago, IL, USA). A p value of less than 0.05 was considered statistically significant.
RESULTS
Of a total of 28 patients, 19 were enrolled in the study, and 9 patients were excluded for failing to meet the inclusion criteria. The mean age of those included in the study was 60.9 years (±13.1; 32-81 years) and the group comprised 9 female and 10 male patients. The mean body mass index (BMI) was 26.2 kg/m 2 (±6.7 kg/m 2 ). Most of the patients (78.9%) had comorbidities: the most common were hypertension (57.9%), diabetes mellitus (26.3%), and congestive heart failure, or coronary artery disease (26.3%) ( Table 1 ). Among all of the patients, there were 81.5% cases of abdominal pain, 62.2% cases with a loss of appetite, and 45% cases reporting nausea or vomiting at the first admission to the hospital.
The median follow-up time was 19 months (4-41 months), the median duration from AP diagnosis to endoscopic necrosectomy or operation was 59 days (30-335 days), the meAziret et al. Risk factors for morbidity in WOPN and performance of continuous postoperative lavage A pancreatic fistulas seen in the patients were a low-impact pancreatic fistula (<20-30 mL drainage), and the clinical course was uneventful with medical treatment. However, the grade B fistulas observed were high-impact pancreatic fistulas (>50-300 mL drainage) and had a symptomatic clinical course (fever, abdominal pain, surgical site infections). A somatostatin analogue was administered to the 3 patients with a grade B pancreatic fistula and total parenteral nutrition was used maintain their nutrition. The pancreatic fistulas were treated for 1 to 3 months with ERCP+ endoscopic sphincterotomy and plastic stents.
A surgical site infection was observed in a total of 9 (47.4%) patients. A wound culture was taken, prophylactic antibiotics were administered, and surgical site care was provided until complete healing was achieved.
The median amylase, lipase, C-reactive protein, cancer antigen 19-9, blood glucose, aspartate transaminase, alanine transaminase, and albumin levels measured at the first admission to the hospital were higher than they were at the time of the preoperative or pre-endoscopic necrosectomy, with a statistically significant difference found between the 2 groups (p<0.05) ( Table 2) . Table 3 demonstrates the relationship between certain characteristics of the patients, the number of complications, and the duration of hospitalization. When the number of complications and duration of hospital stay were compared in terms of patient age, BMI, size of the WOPN, American Society of Anesthesiologists (ASA) score, Ranson's criteria, operation time, and the length of time from diagnosis of AP to the endoscopic necrosectomy or operation, no statistically significant difference was observed (p>0.05).
Aziret et al. Risk factors for morbidity in WOPN and performance of continuous postoperative lavage
The risk factors related to the number of complications and duration of hospital stay were evaluated using multivariate linear regression analysis. The variables identified as candidate risk factors were included in a univariate linear regression model at p<0.10. Endoscopic necrosectomy and the neutrophil-to-lymphocyte ratio (NLR) at first admission were the most the decisive risk factors for the number of complications. The performance of an endoscopic necrosectomy was correlated with a reduced number of complications in these patients with WOPN (B=-0.626, 95% CI: -0.956 to -0.296; p<0.001). On the other hand, when a high NLR was detected at first admission, the number of complications increased (B=0.032, 95% CI: 0.009-0.055; p=0.01).
Reproduction in a culture and male gender were the most decisive risk factors for length of hospital stay. When the results were positive for reproduction in a culture, the length of the hospital stay increased (B=0.669, 95% CI: 0.365-0.973; p<0.001). Further, the length of hospital stay was longer Aziret et al. Risk factors for morbidity in WOPN and performance of continuous postoperative lavage in males than in females (B=0.484, 95% CI: 0.190-0.778; p=0.003) (Tables 5 and 6 ).
DISCUSSION
The results of this study indicated that endoscopic necrosectomy reduced the number of complications, such as pancreatic fistula, readmission, reproduction in a culture, and surgical side infection. Furthermore, CPL of a necrotic area on a daily basis is safe and effective, and reduces mortality when endoscopic necrosectomy cannot be performed or is not available. In the present study, more than two-thirds of the patients were successfully treated with CPL and did not require another major abdominal surgery. The risk factors for prolonged length of hospital stay included patients with reproduction in a culture and male gender (p<0.001, p=0.003, respectively). A high NLR, which is generally seen as a predictive or prognostic factor in acute or chronic diseases, was determined to be a risk factor for complications (p=0.01). On the other hand, it was found that age, BMI, the size of the WOPN, the ASA score, Ranson's criteria, operation time, and duration from AP diagnosis to endoscopic necrosectomy or operation were not risk factors for complications or the length of hospital stay (p>0.05).
Recently, minimally invasive interventions, including endoscopic ultrasound-guided transmural drainage, a double pigtail plastic stent (DPS), lumen-apposing metal stents (LAMS), straight biliary fully covered self-expandable metal stents, and percutaneous necrosectomy have been the preferred firstline approaches for the treatment of WOPN due to the lower morbidity rate associated with their use. [8] [9] [10] [11] [12] [13] [14] [15] There have been many studies demonstrating the superiority of minimally invasive approaches in terms of effectiveness, safety, and morbidity. Sahar et al. [16] carried out a study comparing the results of DPS and LAMS used with percutaneous drainage in the treatment of WOPN with 25 patients in each group. The outcomes revealed similar technical success (100% vs 100%), time to resolution of WOPN (77 vs 63 days), length of hospital stay (14.5 vs 13.1 days), and adverse effects (24% vs 32%). These results suggested that LAMS do not appear to substantially improve DPS outcomes when combined with percutaneous drainage and they are associated with higher costs; therefore, their use should be discouraged. [16, 17] Additionally, in a randomized clinical study comparing endoscopic transgastric necrosectomy and surgical necrosectomy for ANP conducted by Bakker et al. [18] that included 22 patients, the authors found that endoscopic necrosectomy decreased postoperative inflammation as measured by the cytokine inAziret et al. Risk factors for morbidity in WOPN and performance of continuous postoperative lavage terleukin 6, as well as pancreatic fistula (10% vs 70%), and mortality and major morbidity (20% vs 80%).
A study comparing endoscopic drainage and surgical necrosectomy reported by Rana et al. [19] found that structural and functional impairment of the pancreas was seen less frequently in patients who had endoscopic drainage than in patients who underwent surgery due to the lower rates of diabetes (19.2% vs 44%), pancreatic fluid collection (3.8% vs 20%), and steatorrhea (3.8% vs 8%).
Although endoscopic or percutaneous interventions are related to decreased intervention time, hospital costs, pain, and morbidity, they may not always be possible or performed successfully every time. At Sakarya University Education and Research Hospital, endoscopic treatment approaches are performed by experienced gastroenterologists, but in patients with WOPN who have acute peritonitis or who are resistant to endoscopic intervention, the open surgery approach can be performed safely and effectively. The literature includes studies indicating the effectiveness of open surgery for WOPN. [19, 20] In the open abdomen strategy, after necrosectomy and debridement, the abdomen is reopened every 1 to 3 days until all necrosis and/or infected material is removed. In the CPL approach, after necrosectomy and debridement, the abdomen is not reopened, and local lavage, gradually increasing from 4 to 10 liters per 24 hours, is performed continually. In 1988, Beger et al. [12] first described how CPL decreased morbidity and mortality in cases of ANP and demonstrated its excellent results. Of these 2 open surgical approaches, CPL is the most commonly performed worldwide. [20] A systematic review of 16 studies of ANP conducted by Nieuwenhuijs et al. [21] reported the following: mortality (27%), pancreatic fistula (21%), gastrointestinal fistula (20%), colonic necrosis (18%), hemorrhage (21%), incisional hernia (34%), and reoperation (66%). The review also found that the mean length of hospital stay in the intensive care unit (ICU) was 29 days. Nieuwenhuijs et al. [21] also conducted a review that involved 775 patients with ANP treated with CPL and reported the following: mortality (15%), pancreatic fistula (35%), gastrointestinal fistula (8%), colonic necrosis (2%), and hemorrhage (9%). Additionally, the mean length of hospital stay in the ICU was reported as 24 days.
Endoscopic necrosectomy is an effective first-line treatment approach for WOPN. However, in patients resistant to endoscopic necrosectomy procedures or if endoscopic drainage is unavailable, CPL can be a curative surgical treatment option, based on the results reported in the present study and in the literature. The effectiveness of the present surgical approach is attributed to the continuous washing of the necrotic area with 0.9% NaCl daily. Necrotic tissue debris related to inflammation mediators and cytokines was removed with this continuous lavage technique and ensured that the course of the WOPN treatment could be conducted safely and uneventfully.
In the present study, there were no cases of mortality, and the morbidities observed were similar to those reported in the literature. The following rates were found for the variables focused on in this study: reproduction of the culture (63.2%); readmission (57.9%); pancreas fistula (52.6%); surgical side infection (47.4%); atelectasis, effusion, and other (21.1%); reoperation (21.1%); and recurrence (15.7%). This study's main limitations are that it was a retrospective study and that the study sample size was too small for a more detailed analysis.
Conclusion
CPL is a safe and effective surgical treatment approach for patients resistant to endoscopic necrosectomy procedures or unable to undergo endoscopic drainage in cases of WOPN. Reproduction in a culture, male gender, a high NLR measured at first admission, and negative or unavailable endoscopic necrosectomy are risk factors for poor outcomes.
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